SIMULATION OF GROUND-WATER FLOW IN

THE MESILLA BASIN, DONA ANA COUNTY, NEW MEXICO,
AND EL PASO COUNTY, TEXAS

SUPPLEMENT TO OPEN-FILE REPORT 88-305

By Peter F. Frenzel

U.S. GEOLOGICAL SURVEY

Water-Resources Investigations Report 91-4155

Prepared in cooperation with the
U.S. SECTION, INTERNATIONAL BOUNDARY AND WATER COMMISSION--

United States and Mexico

Albuquerque, New Mexico

1992



U.S. DEPARTMENT OF THE INTERIOR

MANUEL LUJAN, JR., Secretary

U.S. GEOLOGICAL SURVEY

Dallas L. Peck, Director

For additional information
write to:

District Chief

U.S. Geological Survey

Pinetree Corporate Centre

Water Resources Division

4501 Indian School Rd. NE, Suite 200
Albuquerque, New Mexico 87110

Copies of this report can
be purchased from:

U.S. Geological Survey
Books and Open-File Reports
Federal Center

Box 25425

Denver, Colorado 80225



CONTENTS

Page

N 2T o o= Y 2 o 1
InErodUCEIon. ... e e e e 2
PUurpose and SCOPE. .. .. v it ir ittt it e e e et 4
Previous investigations............ ... i, 4
Well-numbering systems. ......... ..ttt inin e nneereennans 5
ACKNOWL edgmMEnt S . .. ottt ittt e e it et e 5
Description of the Mesilla Basin............ciiiin it iiinnnrroeennnns 8
Physical features.......... .ttt einenereinanaeenns 8

L0 1T o 9
Population, industry, and agriculture...............oviiiiiunnnnnnn 10
Surface-water SYSCemM. . ... ....uurr ittt itunnnneeneeennnmanesennnnnens 11
Ground-water SYSTemM. ... ... .uuuin it tneeineeeensoenneeneeennsennss 11
Hydrogeology of the basin-fill deposits........................ 12
Hydrogeologic boundaries........... ... i, 15

Mesilla Valley boundary. ... .....ciuiriiiiiiiinnnernnnennnnnsns 16

Net irrigation flux.......... ... iiiiiiniinnnnnn, 18
Evapotranspiration from nonirrigated lands................ 21

Seepage to and from streams................ .. i, 21

Nonirrigation withdrawals and returns..................... 22

Mountain- and slope-front recharge........................ 24

Summary of geohydrology......... oottt 24
Simulation of ground-water flow............. ..ttt i 25
Description of the model......... ... ...ttt 25
Model grid. . ... ... i e it i e e 26

Aquifer characteristics. .. ... ...t inr ittt 26

Hydraulic conductivity and transmissivity................. 29

Leakance. .. ... .. i e 35

Specific yield and storage coefficients................... 36

Initial condition and time periods............... ..., 36

Boundary conditions........... .ttt e 37

No-flow boundary......... ...ttt ittt 37

Recharge. ... .. i i i it i e 38

Underflow. .. ..ot i e e e 41

Mesilla Valley boundary. ... ......couiiitinetnnennnennnnnn 41

iii



CONTENTS - -Concluded

Flow to and from the river and drains................
Evapotranspiration from nonirrigated lands...........
Evaporation from streams................ccoiuuveunenn.

Net irrigation flux........... ... .. ... ... . . ...
Nonirrigation withdrawals............................

Model adjustments.......... ...ttt
System properties used for comparison..........................
Surface-water depletions........... ... .,
Drain discharges......... ...t
Hydraulic heads....... ... .. it
System properties adjusted.......... ... . ... ...l
Extinction depth........ ... . . . i i,
Recharge. .. ... i e e e
Specific yield and specific storage.......................
Model boundary....... ...ttt
Hydraulic conductivity.......... ...,

Effects of existing withdrawals on flow in the Rio Grande...........
Model evaluation and sensitivity tests.............. ...,

Summary and CONClUSIONS. . ...\ttt i ittt et e e e

= LS o =Y o VX = 75

FIGURES
Figure 1. Map showing location of the study area.......................
2. Diagram showing system of numbering wells in New Mexico......
3. Diagram showing system of numbering wells in Texas...........
4-6. Graphs showing:

4, Average annual and April-to-October precipitation at
selected stations in and near the Mesilla Valley.......

5. Annual discharge of the Rio Grande at Leasburg and El
Paso Narrows, and depletion of Rio Grande discharge....

6. Distribution of hydraulic conductivity with depth for

the upper, middle, and lower hydrostratigraphic units
of the Santa Fe Group. ........uouvviin e nnmnennenennn

iv



Figure 7.

10.

11.

12-16.

17.

18.

19.

20.

21.

22.

FIGURES- -Continued

Diagram showing interactions between ground water and

surface water in the Mesilla Valley........................

Graph showing estimate of net irrigation flux in the
Mesilla Valley, 1915-85. ... ...t

Graph showing estimated net ground-water withdrawal rates
for nonirrigation uses in the Mesilla Valley...............

Map showing model grid.......... ... .. i,

Diagrammatic sections along row 22 and column 17 showing

layer thicknesses and relation between

hydrostratigraphic units and layers........................

Maps showing:

12. Hydraulic conductivity assigned to model layer 1,

the top layer. ... it e
13. Transmissivity assigned to model layer 2................
14. Transmissivity assigned to model layer 3................
15. Transmissivity assigned to model layer 4................
16. Recharge, underflow, and evapotranspiration boundaries

for layer 1, steady-state simulatiom..................

Graphs showing major basinwide flow rates....................

Map showing model-derived evapotranspiration from

nonirrigated lands for 1975 and area of net irrigation

I8

Graph showing relation of annual surface-water depletions
calculated from measured discharges to depletions

calculated from model-derived discharges...................

Graph showing relation of cumulative surface-water
depletions calculated from measured discharges to
cumulative depletions calculated from model-derived

discharges....... .. i i i e e

Hydrographs showing measured and model-derived drain

disCharges. ..ot ii i e e

Map showing measured hydraulic heads and model-derived

steady-state potentiometric surface, layer 1...............

Page



Figure 23.

24,

25.

26.

Table 1.

FIGURES - -GConcluded

Map showing measured hydraulic heads and model-derived

potentiometric surface for 1975-76, layer 1..............

Map showing measured hydraulic heads and model-derived

potentiometric surface for 1984-85, layer 1..............

Hydrographs showing measured and model-derived hydraulic

heads......................... et e e

Graphs showing effect of changes in diffusivity on the

source of water for nonirrigation withdrawals............

TABLES

Estimated values of hydraulic conductivity of the Santa Fe

€5 a0 o

Values used for estimating net irrigation flux...............

Thicknesses of hydrostratigraphic units assigned to each

model layer, in feet......... ... ... . ...

Specified inflow to river reaches by stress period...........

Schedule of nonagricultural ground-water withdrawal

specified in the model...... ... ... ... . .. . ... . .. ...

Differences between measured and model-derived hydraulic

heads. . .o i e e e e e e

Average differences, in feet, between model-derived and
measured hydraulic heads for the standard and each

sensitivity test..... ... ... e

vi

Page
52
53
55

59

69

72



CONVERSION FACTORS AND VERTICAL DATUM

ul ti

inch

inch

foot

foot per day

foot per year

per foot

square foot

foot squared per day
cubic foot

cubic foot per second
cubic foot

cubic foot per second
cubic foot per second
foot per mile

mile

acre

acre

acre

square mile

gallon

gallon

gallon

gallon per minute
gallon per minute
gallon per minute
gallon per minute per foot
acre-foot

acre-foot

acre-foot

acre-foot per year
acre-foot per acre

Sea level:

Sea Level Datum of 1929.

In this report,

1,23

OO0 oOoO0OwWooOoOoOoOWwm

COOOWOOOOOWWNDOO

.785

.785
.003785
.06309
.06309
.00006309
.2070

.001233
.000001233
.001233
.003048

To _obtain

millimeter

meter

meter

meter per day

meter per year

per meter

square meter

meter squared per day
cubic meter

cubic meter per second
cubic decimeter

liter per second

cubic decimeter per second
meter per kilometer
kilometer

square meter

square hectometer

square kilometer

square kilometer

liter

cubic decimeter

cubic meter

liter per second

cubic decimeter per second
cubic meter per second
liter per second per meter
cubic meter

cubic hectometer

cubic kilometer

cubic hectometer per year

cubic

hectometer per hectare

"sea level" refers to the National Geodetic
Vertical Datum of 1929--a geodetic datum derived from a general adjustment of
the first-order level nets of the United States and Canada, formerly called

vii



SIMULATION OF GROUND-WATER FLOW IN
THE MESILLA BASIN, DONA ANA COUNTY, NEW MEXICO,
AND EL PASO COUNTY, TEXAS
SUPPLEMENT TO OPEN-FILE REPORT 88-305

By Peter F. Frenzel

ABSTRACT

The Santa Fe Group of Tertiary age and flood-plain alluvium constitute
the major aquifer of the Mesilla Basin. The lateral extent and depth of the
ground-water system are defined by bedrock that has much smaller values of
hydraulic conductivity than those of the flood-plain alluvium and deposits of
the Santa Fe Group. Most flow into and out of the ground-water system occurs
at or near land surface in the Mesilla Valley and is the result of a complex
interaction of the river, drains, canals, evapotranspiration, and water
withdrawals from wells. However, a relatively small amount of recharge
results from torrential surface runoff, mainly near the mountain fronts.

Anticipated ground-water withdrawals in the Mesilla Basin may reduce flow
in the Rio Grande and thus reduce the quantity of water that is available to
downstream users. A previous model (Frenzel, P.F., and Kaehler, C.A., 1990,
Geohydrology and simulation of ground-water flow in the Mesilla Basin, Dofia
Ana County, New Mexico, and El Paso County, Texas, with a section on Water
quality and geochemistry by S.K. Anderholm: U.S. Geological Survey Open-File
Report 88-305; also to be available as U.S. Geological Survey Professional
Paper 1407-C, in press) was revised to assess the effects of existing ground-
water withdrawals on flow in the Rio Grande and to provide a tool for the
assessment of the effects of future ground-water withdrawals. The revisions
included a 10-year extension, from 1975 through 1985, of the original
simulation period, a reduction in the simulated thickness of Santa Fe Group
deposits based on recent geologic interpretations, and minor changes in
simulated recharge and evapotranspiration based on additional data.



The revised ground-water model is basically the same as the previous
model with some exceptions. The bottom layer (layer 5) was discarded because
the basin is now considered to be shallower than was thought previously.
Refined estimates of agricultural evapotranspiration averaged 2.4 acre-feet
per acre, 0.2 acre-foot per acre per year more than those of Frenzel and
Kaehler (1990) as a result of adding estimates of winter evapotranspiration
for particular crops. The main difference between this model and the previous
model is the way in which transmissivity is estimated. Whereas transmissivity
of the previous model was estimated on the basis of depth below land surface
and, in a general way, on lithology, transmissivity in this model primarily is
estimated on the basis of recent definition of three hydrostratigraphic units
of the Santa Fe Group. The current specified hydraulic conductivity of the
upper hydrostratigraphic unit of the Santa Fe Group is 30 feet per day. The
middle hydrostratigraphic unit of the Santa Fe Group was subdivided on the
basis of depth below the water table. The hydraulic conductivity of the
middle unit is 20 feet per day (10 feet per day at Las Cruces) at depths
shallower than 600 feet below the water table and 10 feet per day (5 feet per
day at Las Cruces) at depths below 600 feet. The hydraulic conductivity of
the lower unit is 13 feet per day and the lower unit was absent at Las Cruces.

About two-thirds of the simulated nonirrigation ground-water withdrawals
were estimated to be derived from increased depletion of the Rio Grande.
About one-sixth was estimated to have been derived from depletion of aquifer
storage and about one-sixth derived from salvaged evapotranspiration. These
proportions are valid for most of the time since the late 1950's, after which
time simulated nonirrigation withdrawals ranged from about 35 cubic feet per
second (1958-60) to about 60 cubic feet per second (1980-86). These results
were not very sensitive to changing hydraulic diffusivity by a factor of 2.25,
but could be very sensitive if a well field were located distant from the
Mesilla Valley.

INTRODUCTION

The Mesilla Basin 1is located mostly in Dofia Ana County, New Mexico,
extending into El1 Paso County, Texas, and the State of Chihuahua, Mexico
(fig. 1). The river alluvium and Santa Fe Group deposits of the Mesilla Basin
are in direct hydraulic connection with the Rio Grande. Future ground-water
withdrawals in the Mesilla Basin may reduce flow in the Rio Grande and thus
reduce the quantity of water that is available to make deliveries to
downstream users. The ground-water hydrology and geochemistry of the Mesilla
Basin in central-southern New Mexico and western Texas had been studied as
part of the Southwest Alluvial Basins Regional Aquifer-System Analysis program
of the U.S. Geological Survey. That study produced a ground-water flow model
of the Mesilla Basin (Frenzel and Kaehler, 1990; also to be available as U.S.
Geological Survey Professional Paper 1407-C, in press) that simulated the
effects of ground-water withdrawals on flow in the Rio Grande. The U.S.
Geological Survey, in cooperation with the International Boundary and Water
Commission, conducted the study described here to revise the Frenzel-Kaehler
ground-water flow model to reassess the effects of ground-water withdrawals in
the Mesilla Basin on flow in the Rio Grande.
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Purpose and Scope

This report describes the revision of the Frenzel-Kaehler (1990) model
and the assessment of the effects of existing ground-water withdrawals on flow
in the Rio Grande. A companion report (Frenzel, 1992) lists model-input
values on magnetic diskette for the revised model.

The revision includes a 10-year extension, from 1975 through 1985, of the
original simulated historical period and the modification of the model to
reflect recent geological interpretations concerning the depth and
stratigraphy of the Santa Fe Group (J.W. Hawley and R.P. Lozinsky, New Mexico
Bureau of Mines and Mineral Resources, written commun., 1988). Extension of
the simulated period required assembling ground-water-withdrawal and
streamflow data and preparing model input for additional stress periods.
Modifying the model to reflect recent geological interpretations mainly
involved changing the way in which model-layer transmissivity values and
vertical-conductance values were derived, and ad justing the simulated
thickness of basin fill. Other improvements were minor, such as estimating
agricultural evapotranspiration on the basis of reported acreages of
individual crops rather than on the basis of an assumed crop-type distribution
for the 1950’'s and 1960's and estimating winter crop evapotranspiration.

As a supplement to the report by Frenzel and Kaehler (1990), this report
describes the changes made to the model, and gives the reasons for the changes
and the estimates of model input. The general description of the Mesilla
Basin, its geohydrology, and water use are an abridged version of Frenzel and
Kaehler's (1990) discussion with some additional information. The description
of the model in "Simulation of ground-water flow" closely parallels that of
Frenzel and Kaehler (1990) and describes in detail the differences between
this model and the Frenzel-Kaehler model. In addition, this report describes
the estimated effects of existing ground-water withdrawals on flow in the Rio
Grande.

Previous Investigations

Ground-water investigations in the Mesilla Valley began in the early part
of the 20th century. Most were reviewed by Frenzel and Kaehler (1990) who
presented an overview of the geology and hydrology of the basin and a digital
ground-water flow model. A section on geochemistry in the Mesilla Basin by
S.K. Anderholm also was included in Frenzel and Kaehler (1990).

Recent works were not reviewed by Frenzel and Kaehler (1990). Wilson and
White (1984) presented aquifer-test data for the central Mesilla Valley, and
Myers and Orr (1985) presented aquifer-test data for the northern West Mesa
area. A report by Hernandez and others (1987) included estimates of municipal
water use for 1984. Nickerson (1989) reported aquifer-test data based on
stage changes in the Rio Grande. Ground-water flow-model studies include
Gates and others (1984) and Peterson and others (1984). J.W. Hawley and
R.P. Lozinsky (written commun., 1988) reviewed electric logs, identifying
upper, middle, and lower hydrostratigraphic units (informal usage) of the
Santa Fe Group, and found that the Mesilla Basin is shallower than was thought
previously. As aquifer characteristics are determined for these individual
hydrostratigraphic units, Hawley and Lozinsky'’s conclusions may be of major
significance in the estimation of the basinwide effects of ground-water
withdrawals.



Well -Numbering Systems

Wells in New Mexico are identified by a location-number system based on
the township-range system of subdividing public lands. The location number
consists of a series of digits, separated by periods, corresponding to the
township, range, section, and tract within a section (fig. 2). The townships
and ranges are numbered according to their location relative to the New Mexico
base line and the New Mexico principal meridian. The smallest division,
represented by the third digit of the final number, is a 10-acre tract. If a
well has not been located precisely enough to be placed within a particular
section or tract, a zero is used for that part of the location number.

Wells in Texas are identified by a number consisting of five parts
(fig. 3). The first part is a two-letter prefix used to identify the county.
El Paso County is represented by JL, whereas NM signifies wells in New Mexico
that have been given a number using the Texas system. The second part of the
number is two digits indicating the 1l-degree quadrangle. Each l-degree
quadrangle is divided into 64 7 1/2-minute quadrangles. This is the third
part of the well number. The first digit of the fourth part indicates the 2
1/2-minute quadrangle and the last two digits comprise a sequence number that
identifies the well from others in the same 2 1/2-minute quadrangle. The
Texas wells used in the study also were given a latitude-longitude location
number to aid data processing.

Acknowl edgments

Many people contributed to this study. During the data collection phase,
personnel of the U.S. Bureau of Reclamation office in El1 Paso, Texas, provided
records of irrigated crop acreages and precipitation. Records of irrigated
acreages were also provided by personnel of the Elephant Butte Irrigation
District and El1 Paso County Water Improvement District. Personnel of the U.S.
Section, International Boundary and Water Commission provided precipitation
records and helped find additional records of irrigated crop acreages. Owen
Lockwood of New Mexico State University supplied ground-water-withdrawal and
well-construction data. City of Las Cruces personnel provided city ground-
water withdrawals and return-flow information. Personnel of the Jornada Water
Company and the Dofia Ana Mutual Domestic Water Consumers Association
contributed updated ground-water-withdrawal data. Discussions about the
geology of the Mesilla Basin with J.W. Hawley of the New Mexico Institute of
Mining and Technology were valuable.
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DESCRIPTION OF THE MESILLA BASIN

The following description is taken from Frenzel and Kaehler (1990). More
recent information given in this section generally foreshadows a corresponding
change in the updated model. Many of the physical features of the basin are
shown in figure 1.

Physical Features

The Mesilla Basin is encircled by mountains. The East and West
Potrillo Mountains, Aden Hills, and Sleeping Lady Hills are on the
west. The Robledo Mountains and Doiia Ana Mountains are on the
north. Goat Mountain, Tortugas Mountain, the Organ Mountains,
Bishop Cap Mountain, and the Franklin Mountains are on the east; on
the southeast, the Sierra de Cristo Rey is on the international
boundary and the Sierra de Juarez is just south of the International
boundary. The highest point in Dofia Ana County 1is in the Organ
Mountains (9,012 feet above sea level), whereas mountains on the
west side of the basin have relatively low relief (high point 5,979
feet).

Tae Rio Grande enters the basin through Selden Canyon between
the Ro." do and Dofia Ana Mountains and exits through El Paso Narrows
between the Franklin Mountains and the Sierra de Cristo Rey. The
broad area west of the Rio Grande from the international boundary to
the Rough and Ready Hills is called the West Mesa (or La Mesa). The
West Mesa is relatively level, has some closed drainage basins, and
generally slopes slightly toward the southeast. The area contains
scattered extinct volcanoes and an extensive area of lava flows.
Incision of the Rio Grande into the mesa surface by as much as 400
feet has formed the Mesilla Valley, which is more than 50 miles long
and as much as 5 miles wide. The total area of the Mesilla Valley
is about 110,000 acres. The altitude of the Mesilla Valley ranges
from 3,980 feet at Leasburg Dam to 3,729 feet at El Paso Narrows.
East of the Mesilla Valley, the land slopes upward toward the Organ
and Franklin Mountains (Frenzel and Kaehler, 1990, p- 9).

The basin, as defined for this report (fig. 1) is not a surface-water
drainage area but is

* * % bounded by uplifted blocks of bedrock or by relatively
impermeable volcanic rocks and is filled with alluvial sediment from
the surrounding mountains and with fluvial sediment carried in by an
ancestral Rio Grande. The area between the basin and the mountains
generally is covered by similar but relatively thinner sediments.
* % % Gravity anomalies and bedrock outcrops indicate that the basin
extends about 7 miles into Mexico. However, no hydrologic data were
available for that area (Frenzel and Kaehler, 1990, p. 9).



Climate

The climate is dry. Pan evaporation averages about 94 inches per year.
The average annual precipitation is about 8 inches. Average annual and April-
to-October (growing season) precipitation is shown in figure 4. The
precipitation values shown in figure 4 were calculated as the mean of values
reported for several sites. In addition to the stations at Las Cruces and La
Tuna, which were used by Frenzel and Kaehler (1990), nine stations scattered
throughout the Mesilla Valley operated since 1975 by the U.S. Bureau of
Reclamation were used as well as a station at American Dam operated since 1938
by the U.S. Section of the International Boundary and Water Commission. The
Bureau of Reclamation stations are located at Leasburg; Picacho, about 5 miles
northwest of Las Cruces; Las Cruces; San Miguel; Mesquite; Chamberino;
Anthony; La Union; and Cafiutillo.

m T T T T ITI T ' LR 1 ' v L] 1 T ' 1 ] L] 1 T l T T T 1

PRECIPITATION, IN INCHES

) ‘e

\April to October i

Figure 4.--Average annual and April-to-October precipitation at selected stations in and near
the Mesilla Valley.



Population, Industry, and Agriculture

Frenzel and Kaehler (1990) discussed the population of the Mesilla Basin
and its reliance on ground water.

The main population center within the basin is Las Cruces,
which had a population of 8,325 in 1940, 29,367 in 1960, and 45,086
in 1980 (U.S. Department of Commerce, 1952, p. 31-8; 1982, p. 33).
Other population centers in New Mexico include Dofia Ana, Mesilla,
Mesilla Park, San Miguel, La Mesa, Berino, Chamberino, Anthony, La
Union, Meadow Vista, Anapra, and residential developments in the
Santa Teresa Grant area * * %, New Mexico State University is
ad jacent to Las Cruces. In the Texas part of the valley are
Anthony, Vinton, and Cafiutillo. All these communities are dependent
upon ground water for domestic and industrial water supply. El
Paso, Texas, which had a 1980 population of almost 0.5 million, is
mainly southeast of the basin and depends partly on ground water
pumped from a well field at Cafutillo. Industry in the area
includes produce canneries, an egg-production plant, a steel mill,
and a knitting mill.

Agriculture is a major activity, and irrigation is the chief
use of water in the Mesilla Basin. The Rio Grande is the primary
source of irrigation water * * %, Surface water is supplemented by
ground water. As of February 1948, there were about 70 irrigation
wells in the Rincon and Mesilla Valleys (Conover, 1954, p. 107).
During the drought of 1951-57, several hundred wells were drilled in
the Mesilla Valley. Many wells were also drilled during a shortage
of surface water from 1963 to 1966. As of 1975 there were about 920
usable irrigation wells in the Mesilla Valley (C.A. Wilson, U.S.
Geological Survey, oral commun., 1979). The irrigation wells,
mostly about 100 feet deep, primarily were completed in the flood-
plain alluvial aquifer. However, after 1975, a large number of
irrigation wells were drilled deeper in order to obtain water of
better gquality than that avaiiable from shallow wells (Wilzon and
White, 1984). & % % Major «rops * % % are cotton, pecans, alfalfa,
cereal grains, and vegetables * # *. The number of irrigated acres
in Mesilla Valley hss increased from about 25,000 acres near the
turn of the century to about 77,000 acres during 1940-75 * % % which
is about two-thirds of the area of the valley. Much of the West
Mesa area is used for grazing, where there are scattered stock and
domestic wells.

Historical irrigation practices have effectively used the
ground-water system as a reservoir in a combined stream-aquifer
system. During years of plentiful surface water, most irrigation
water is diverted from the Rio Grande. About one-third of applied
irrigation water may replenish the ground-water system (Blaney and
Hanson, 1965, p. 28). Some ground water seeps into drains that
discharge to the Rio Grande. During years of inadequate surface-
water supply, the shortfall is made up from ground water, causing
lower than usual ground-water levels and diminished drain discharge.
Ground-water levels generally return to normal after an irrigation
season when surface water is plentiful (Frenzel and Kaehler, 1990,
p. 11 and 14). ([Withdrawal rates for irrigation wells are unknown.]
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Surface-Water System

The surface-water system is comprised of the Rio Grande and its
tributaries, a distribution system of canals and laterals, and drainage
ditches that return water to the Rio Grande (Frenzel and Kaehler, 1990,
pl. 1). Flow in the Rio Grande is almost completely controlled by upstream
reservoirs. The channel of the Rio Grande is defined by levees in the Mesilla
Basin. Several arroyos (ephemeral streams with straight-walled, flat-bottomed
channels) flow into the Rio Grande mainly from the mountains on the east side
of the basin. Flow in some of the large arroyos is blocked by retention dams

near Las Cruces and El Paso. Flow in other arroyos reaches the valley, but
probably does not contribute much flow directly to the discharge of the Rio
Grande. The convergence of surface flow from time to time into arroyos where

it can rapidly infiltrate deep into the sand may provide the principal
mechanism for natural recharge of ground water. This is the essential
mechanism that Frenzel and Kaehler (1990, p. 41-42) termed "mountain-front" or
"slope-front" recharge, which are similar except for location. Mountain- and
slope-front recharge together may be 15 cubic feet per second, but the error
of this estimate may be very large (plus 100 percent or minus 50 percent
(Frenzel and Kaehler, 1990, p. 42). Diversions from the Rio Grande in the
Mesilla Basin are at Leasburg and Mesilla Dams. The canal system distributes
diverted water to agricultural fields and the drain system returns unused
water to the Rio Grande. Depletions of the Rio Grande are calculated as the
discharge at Leasburg Dam near the north end of the Mesilla Basin minus the
discharge at El1 Paso Narrows. For 71 years, 1915-85, annual depletions have
averaged 218,000 acre-feet. Annual discharges and depletions for this period
are shown in figure 5. Annual discharges and depletions for 1975-85, in acre-
feet, are:

Discharge
Year At Leasburg Dam At El Paso Narrows Depletion
1975 591,400 360,959 230,441
1976 663,710 402,835 260,875
1977 398,319 214,553 183,766
1978 338,819 156,024 182,795
1979 563,304 312,594 250,710
1980 631,380 353,983 277,397
1981 574,872 333,329 241,543
1982 599,051 326,642 272,409
1983 599,714 331,955 267,759
1984 630,894 359,361 271,533
1985 645,911 359,917 285,994

Ground-Water System

The ground-water system is controlled by the basin-fill geology, geologic
boundaries, and the interrelation of ground and surface waters (Frenzel and
Kaehler, 1990, p. 19). The interrelation of ground and surface waters occurs
mainly in the Mesilla Valley and was termed "Mesilla Valley boundary" by
Frenzel and Kaehler (1990). The geologic boundaries of the basin are formed
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Figure 5.--Annual discharge of the Rio Grande at Leasburg and El Paso Narrows, and depletion of
Rio Grande discharge.

by consolidated bedrock units that are generally much less permeable than the
basin-fill sediments of the Santa Fe Group and flood-plain alluvium. The
Santa Fe Group of Tertiary age and flood-plain alluvium constitute the ma jor
aquifer. Frenzel and Kaehler (1990, p. 19-29) described the bedrock, Santa Fe
Group, and flood-plain alluvium based on the geologic literature of the late
1970's and early 1980's.

Hydrogeology of the Basin-fill Deposits

Since the report of Frenzel and Kaehler (1990), the description of the
subsurface geology of the basin has been expanded by Hawley and Lozinsky
(written commun., 1988) to include three "hydrostratigraphic" units of the
Santa Fe Group. The lower unit is mainly composed of uniform fine sand,
whereas the middle and upper units are lenticular and with grain sizes ranging
from clay to gravel. The lower hydrostratigraphic unit is about 600 feet
thick, ranging from 400 to about 1,000 feet in thickness where it is fully
penetrated by wells (Hawley and Lozinsky, written commun., 1988). Because the
lower unit is easily distinguishable from the middle unit on electric logs
(Hawley and Lozinsky, written commun., 1988), the depth of the base of the
Santa Fe Group can be estimated to within a few hundred feet using wells that
do not fully penetrate the lower unit. The maximum thickness of the Santa Fe
Group is now considered to be about 2,500 feet, much less than the 3,800 feet
that it was previously thought to be (Frenzel and Kaehler, 1990, p. 32).
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The division of the Santa Fe Group into three hydrostratigraphic units
facilitates the assignment of aquifer properties on the basis of stratigraphy
instead of strictly on the basis of depth. Although the lower unit consists
of more uniform sand, cementation may cause its horizontal hydraulic
conductivity to be less than that of the other two units. The middle
hydrostratigraphic unit may be somewhat less permeable than the upper unit on
the basis of grain size and degree of cementation. The upper
hydrostratigraphic unit is saturated mainly in the northern part of the basin
and may be the most permeable on the basis of grain size and relative lack of
cementation. Horizontal-to-vertical anisotropy is probably greatest in the
middle and upper units because of lenticularity (Hawley and Lozinsky, written
commun., 1988).

Each estimated hydraulic conductivity in table 1 (tables are in back of
the report) was assigned to one of the three hydrostratigraphic units on the
basis of the depth tested. The depths of the hydrostratigraphic units at each
well site were estimated from plates 16 and 17 of Hawley and Lozinsky (written
commun., 1988). Most of the estimated values of hydraulic conductivity in
table 1 are from table 1 of Frenzel and Kaehler (1990). Additional values
were estimated from values of transmissivity divided by open intervals
reported in references given in table 1.

The relation of hydraulic conductivity with depth that had been apparent
in figure 13 of Frenzel and Kaehler (1990) was no longer apparent (fig. 6A
and 6C) for the upper and lower hydrostratigraphic units of the Santa Fe
Group. However, an inverse relation of hydraulic conductivity with depth was
still apparent in figure 6B for the middle hydrostratigraphic unit.

For the lower unit, estimated values of hydraulic conductivity given in
table 1 range from 1 to 34 feet per day. Of 12 values, the lower quartile is
between 2 and 3, the middle quartile (median) is between 11 and 14, and the
upper quartile is 17 feet per day.

For the middle unit, estimated hydraulic conductivity ranges from 1 to
100 feet per day (table 1). Of 38 values, the lower quartile is 5, the middle
quartile (median) is between 13 and 14, and the upper quartile is 25 feet per
day. However, because of the apparent inverse correlation between hydraulic
conductivity and depth (fig. 6B), it may be reasonable to divide these data on
the basis of depth.

Estimated values of hydraulic conductivity for the middle
hydrostratigraphic unit were divided into two groups on the basis of depth
below the water table (table 1). Estimated hydraulic conductivity for depths
between 600 and 1,210 feet ranges from 1 to 29 feet per day. Of 18 values,
the lower quartile is 4, the middle quartile (median) is between 8 and 9, and
the upper quartile is 14 feet per day. Estimated hydraulic conductivity for
depths shallower than 600 feet ranges from 2 to 100 feet per day. Of 20
values, the lower quartile is between 10 and 12, the middle quartile is 24,
and the upper quartile is between 35 and 36 feet per day.

For the upper unit, estimated hydraulic conductivity ranges from 2 to 68

feet per day (table 1). Of 23 values, the lower quartile is between 10
and 12, the middle quartile is 25, and the upper quartile is 47 feet per day.
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In the Las Cruces area, faults may cause a reduction in the overall
transmissivity of the upper and middle hydrostratigraphic units of the Santa
Fe Group. Plate 1 of Hawley (1984) shows many more faults in the Las Cruces
area than in other parts of the Mesilla Basin. Faults may cause sand or
gravel lenses to be juxtaposed against clay lenses, causing a reduction in
transmissivity. Also, fault planes have been observed in the Las Cruces area
that were more cemented than the rest of the formation (J.W. Hawley, New
Mexico Bureau of Mines and Mineral Resources, oral commun., 1989).

The flood-plain alluvium is about 4 miles wide along the Rio Grande, and
is much more permeable than the Santa Fe Group deposits. Wilson and others
(1981, pl. 11) reported values of transmissivity of 10,000 to 30,000 feet
squared per day for the upper 150 feet of the aquifer, which is composed of
about 80 feet of river alluvium overlying about 70 feet of the Santa Fe Group.
If the 70-foot thickness of Santa Fe Group deposits is assumed to have a
hydraulic conductivity of about 25 feet per day, it then has a transmissivity
of 1,750 feet squared per day, and by subtraction, the transmissivity of the
river alluvium is between 8,250 and 28,250 feet squared per day. Dividing
transmissivity values by the 80-foot thickness yields hydraulic-conductivity
values for the river alluvium ranging from about 100 to 350 feet per day.

Under water-table conditions, specific yield may be about 0.2 as
indicated by previous studies (Richardson and others, 1972, p. 86; Lizarraga,
1978, p. 29; Wilson and others, 1981, fig. 10). Under fully saturated
conditions, the specific storage may be about 1 x 10-6 per foot of thickness.
This value is common in sedimentary rocks (Lohman, 1972, p. 8) and accounts
for expansion of water and some elastic matrix compression.

Hydrogeologic Boundaries

The Mesilla Basin (fig. 1) is generally surrounded by a pediment-like
structure where the bedrock is relatively shallow between the basin and the
surrounding mountains (Frenzel and Kaehler, 1990, p. 29-33). In the following
discussion the pediment-like structure will be called a "pediment" to signify
the general concept even though it is not a true pediment in all locations
around the basin. Overlying the pediment are Santa Fe Group deposits. The
saturated interval of these deposits is thin relative to the saturated
thickness of Santa Fe Group deposits within the basin.

A small quantity of water probably enters the Mesilla Basin around its
boundaries. Underflow into the basin from the Santa Fe Group deposits
overlying the pediments probably occurs although it is probably small compared
to the quantity of water involved in the interaction of ground water with
surface water near the axis of the basin (Frenzel and Kaehler, 1990, p. 29).
Most mountain-front recharge probably enters the basin as underflow from Santa
Fe Group deposits overlying the pediments. A much smaller amount of water may
enter the basin from the bedrock surrounding the basin.

A small quantity of water also enters the basin as underflow in the river
alluvium near Radium Springs and a similarly small quantity, estimated by
Slichter (1905, p. 9-13) to be 0.1 cubic foot per second, leaves the basin in
the river alluvium in El Paso Narrows. These quantities are small because of
the small cross-sectional area of the river alluvium.
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A small, unknown quantity of water probably leaves the basin through
Fillmore Pass. The east boundary of the basin generally is a recharge
boundary (Frenzel and Kaehler, 1990, fig. 18) and mountain-front recharge
enters the basin largely as underflow along the pediments. Along most of the
east boundary, a steep water-table gradient toward the basin exists. Almost
no gradient exists between Fillmore Pass and the Mesilla Valley, but a steep
gradient does exist toward the east from Fillmore Pass (Wilson and others,
1981, pl. 9). If no water flowed eastward through Fillmore Pass, some
gradient toward the Mesilla Basin from Fillmore Pass might exist because of
mountain-front recharge north and south of the pass. Possibly some of the
mountain-front recharge in the vicinity of Fillmore Pass flows eastward
through the pass and some flows westward toward the Mesilla Basin.

Mesilla Valley Boundary

Most ground-water recharge and discharge in the Mesilla Basin occurs in
the Mesilla Valley. The interaction of ground and surface water is complex in
the Mesilla Valley and has been referred to as the "Mesilla Valley boundary"
by Frenzel and Kaehler (1990, p. 60). A flow chart for the Mesilla Valley
boundary is shown in figure 7.

The following excerpt taken from Frenzel and Kaehler (1990) describes the
relation of ground water and surface water:

The ground and surface waters in the Mesilla Valley are closely
interrelated. In addition to mountain- and slope-front recharge,
recharge takes place when excess irrigation water percolates through
the flood-plain alluvium, as shown by the rise in water levels
during the summer irrigation season (Spiegel, 1958). After long
periods of heavy pumping, ground-water levels rapidly recover when
surface water is applied on agricultural lands (Taylor, 1967).

Ground water is discharged to drains and eventually flows back
to the Rio Grande when ground-water levels rise above the drain
bottoms. However, during periods of drought, the limited surface-
water supply is supplemented by ground-water withdrawals from wells,
and drain discharge is decreased (King and others, 1971, p. 57).
Ground water also is discharged by evapotranspiration from crops and
natural vegetation in the valley.

A schematic diagram shown in figure 15 [fig. 7 in this report]
indicates the following ground-water/surface-water interactions:

(1) A major group made up of (a) net diversions, (b) effective
rainfall on both irrigated and nonirrigated lands (effective
rainfall is here defined as that part of rainfall that either
recharges aquifers or reduces ground-water discharge),
(c) evaporation from canal surfaces, and (d) evapotranspiration from
irrigated lands, is summed to provide an overall flux for the valley
area * * %,  This summation is termed ‘net irrigation flux' in this
report, and it includes by implication the leakage from irrigation
canals to ground water and that part . of irrigation ground-water
pumpage that is not recirculated back to the ground water.
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(2) A second major group is comprised of seepage to and from
the river and drains.

(3) A third major group is evapotranspiration from nonirrigated
lands.

(4) A fourth group, of intermediate significance, consists of
water pumped from wells for domestic, municipal, and industrial
purposes, and septic-system return flows.

(5) Mountain- and slope-front recharge constitutes a relatively
minor amount of flow. Most flows have been reported or estimated.
Most of the flows to and from ground water occur at or near the land
surface in the Mesilla Valley, with the exceptions of discharges
from deep wells and mountain-front recharge. These flows fluctuate
seasonally, in the short term, but in the intermediate term (1-5
years), they fluctuate with the availability of surface water, and
in the long term, they do not fluctuate much at all (Frenzel and
Kaehler, 1990, p. 34).

Some of the flow estimates have been revised on the basis of more
complete data. Estimates of net irrigation flux were revised on the basis of
additional precipitation data and more complete crop acreages. Additional
precipitation data were used to revise recharge estimates as well. Time-
varying estimates were updated from 1975 through 1985 on the basis of data for
those years.

Net irrigation flux

Net irrigation flux (fig. 8 and table 2) was estimated by essentially the
same procedure as used by Frenzel and Kaehler (1990, p. 37) except that the
estimates of evapotranspiration and effective precipitation were revised and
extended from 1975 through 1985. The net irrigation flux (fig. 8, curve E)
was a summation of estimates for annual net diversions (fig. 8, curve A),
effective rainfall on irrigated lands (fig. 8, curve B), effective rainfall
(ground-water recharge) on nonirrigated lands (fig. 8, curve C), and
evapotranspiration from irrigated lands in the Mesilla Valley (fig. 8,
curve D). As defined, net irrigation flux implicitly includes all ground-
water withdrawals and percolation from irrigated lands. Estimates for these
individual components were not made. Estimates of annual net diversions were
made for 1976-85 in the same way as estimates for previous years had been made
(Frenzel and Kaehler, 1990, p. 37). Estimates of effective rainfall were made
in the same way, but were revised slightly on the basis of additional rainfall
data and were extended through 1985. Evapotranspiration from irrigated lands
for a given year was estimated as a per-acre evapotranspiration rate times the
total irrigated acreage of the Mesilla Valley for that year. The per-acre
evapotranspiration rate was estimated on the basis of reported annual acreages
of individual crop types for each of the years since 1949, whereas Frenzel and
Kaehler (1990) based the estimation on an assumed mixture of crops. Also,
some irrigated acreage on the east side of the Mesilla Valley that was not
accounted for by Frenzel and Kaehler (1990) was included in the estimates.

18



AVERAGE ANNUAL VOLUMETRIC FLUX,

800 (rTTTTTTTYT YT T T T T[T T
600 F
400 |

200 |

IN CUBIC FEET PER SECOND

-200

_400:llllllllllllAlllAlllllllll‘lAlAllL
19156 1925 19356 1945 1955 1965 1975 1985

EXPLANATION

A NET DIVERSION LESS ESTIMATED EVAPORATION
FROM CANALS OF 5.5 CUBIC FEET PER SECOND

B EFFECTIVE PRECIPITATION ON IRRIGATED LANDS
C EFFECTIVE PRECIPITATION ON OTHER LANDS

D ESTIMATED EVAPOTRANSPIRATION FROM
IRRIGATED LANDS

E SUMMATION OF A, B, C, AND D, TERMED
"NET IRRIGATION FLUX"
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In addition to the main part of the Mesilla Valley that is served by a
canal system to distribute surface water (Bureau of Reclamation project area)
there is a narrow strip of land on the east side of the valley that is
irrigated exclusively with ground water. Although records of irrigated
acreage outside the Bureau of Reclamation project area generally are not kept,
a few estimates have been made from aerial photography. 1In 1967, this
irrigated acreage was about 2,800 acres (New Mexico State Engineer Office,
written commun., 1979); in 1969 it was about 3,200 acres (estimated from data
in Lansford and others, 1974, table 16); and in 1983, it was about 3,400
acres. This area may not be significant to the total irrigated acreage;
however, the evapotranspiration from this acreage (possibly about 10 cubic
feet per second) is significant compared to municipal withdrawals in the
Mesilla Basin (about 60 cubic feet per second). Irrigation of this area may
have begun in the 1950's, when many of the irrigation wells in the Mesilla
Valley were drilled. An average of 3,000 acres, beginning in 1958, was
assumed (table 2).

Similar to Frenzel and Kaehler (1990), the Blaney-Criddle method was used
(Blaney and Hanson, 1965) to estimate annual evapotranspiration rates (acre-
feet per acre) for each crop. However, winter transpiration by crops such as
alfalfa, pasture, and pecans was accounted for, thereby increasing the
estimated evapotranspiration rate. The average annual evapotranspiration rate
was about 2.4 acre-feet per acre of irrigated land--an increase of almost 10
percent from that of Frenzel and Kaehler (1990, p. 37), which was 2.2 acre-
feet per acre.

An evapotranspiration rate for the Mesilla Valley that reflected the
mixture of crop types for the year was estimated for each year since 1949.
Acreage information for individual crop types generally is available for most
of the Mesilla Valley for years following 1949. For 1953-67 and 1975,
acreages of individual crops are reported (Bureau of Reclamation Form 7-316 or
equivalent) for the Mesilla Valley part of the Elephant Butte Irrigation
District. These reports generally include most but not all of the irrigated
acreage in the Mesilla Valley. For 1949-78 and 1980-85, similar reports
exist; however, the acreages are for the entire Elephant Butte Irrigation
District, combining areas upstream from the Mesilla Valley. The assumption
was made that the annually reported individual crop acreages represent the
mixture of crops for the entire Mesilla Valley for a given year even though
the total of reported individual crop acreages often does not equal the entire
irrigated acreage in the Mesilla Valley for the year. The average
evapotranspiration rate (table 2) for the valley for a given year was
estimated as the sum of evapotranspiration for all reported individual crops
divided by the sum of reported individual crop acreages for the year.

The annual evapotranspiration from irrigated land for the entire Mesilla
Valley (table 2 and fig. 8, curve D) was estimated as the average
evapotranspiration rate times the annual irrigated acreage. Additional
details of the estimation of net irrigation flux are given in table 2.
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Evapotranspiration from nonirrigated lands

Evapotranspiration from nonirrigated lands was not estimated
independently of the model. As explained by Frenzel and Kaehler (1990):

* % * These lands have highly variable hydrologic properties.
They include such features as paved roads that may reduce
evapotranspiration and collect rainfall, allowing it to infiltrate
to the water table in places. Also included are vegetated areas
that lie relatively high above the water table, minimizing the
availability of ground water to plants, and areas where trees grow
near surface water or shallow ground water where evapotranspiration
may be near a maximum. Evapotranspiration of ground water from
surfaces covered by natural vegetation generally is dependent on the
depth to the water table * * *,

Seepage to and from streams

Seepage to and from streams, including drains * * #* accounts
for a major amount of water. The Rio Grande has both gaining and
losing reaches that probably change seasonally. The drains gain
when ground-water levels are high but may lose in their lower
reaches where they join the river or in localities where large
amounts of ground water are withdrawn.

The type and amount of interconnection between streams and the
aquifer depend on the stream stages and heads in the aquifer and on
streambed permeability. Where the water table is below the level of
the stream, surface-water recharge to the aquifer can take place;
however, the rate of recharge is dependent on the head difference
and the permeability of the streambed. The beds of streams that
recharge ground water tend to be somewhat more plugged than the beds
of streams that receive ground-water discharge because suspended
sediment tends to follow the water from the stream into pores of the
aquifer, a condition that does not prevail where flow is from the
aquifer to the stream.

* % % (Individual drain discharges are shown, for convenience
of comparison with model-derived drain discharges, in the section on
model adjustment.) The accuracy of drain-discharge measurements
probably is poor [accuracy not within 15 percent of the true value]
because the stream gradients are low, causing problems with
backwater and moss or other vegetation. An additional uncertainty
is that drains may receive water from redirected surface water such
as excess water from irrigation camals. All drain discharges were
assumed to have come from ground water (Frenzel and Kaehler, 1990,
p. 38-39).
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Nonirrigation withdrawals and returns

Reported and estimated ground-water withdrawals for municipal and
industrial uses are shown in figure 9. Withdrawals are in four groups:
curve A is for wells north of the State line at Anthony excluding the City of
Las Cruces, curve B is for wells south of the State line at Anthony excluding
the City of El Paso, curve C is for City of Las Cruces wells, and curve D is
for City of E1 Paso wells. Curve E is the summation of curves A-D. Ground-
water withdrawals before 1976 are the same as those given by Frenzel and
Kaehler (1990, p. 39-41, and fig. 17), and values for 1976-85 are reported and
estimated as follows. Ground-water withdrawals at the City of Las Cruces are
reported "values, as are withdrawals at Dofla Ana and a group of communities
served by Jornada Water Company. Ground-water withdrawals at Mesquite and
Anthony, New Mexico, were derived by interpolation between the 1975 estimate
of Frenzel and Kaehler (1990, table 4) and values given by Hernandez and
others (1987, table 9) for 1984. For these two towns, 1985 values were
derived by extrapolation of the 1975-84 values. Ground-water withdrawal-data
for wells south of the State line at Anthony are from the files of the U.S.
Geological Survey in El Paso (Don White, U.S. Geological Survey, written
commun., 1987), including withdrawals at Santa Teresa through 1984. For Santa
Teresa, 1985 withdrawals were assumed to be equal to 1984 withdrawals.

Return flows of nonirrigation withdrawals are described by Frenzel and
Kaehler (1990, p. 41):

Return flows of municipal, industrial, and domestic water take
several forms. Water withdrawn by E1 Paso is not returned in the
Mesilla Basin. Slightly more than one-half of the wintertime
withdrawals by Las Cruces are returned as surface discharge to the
Rio Grande (City personnel, oral commun., 1983). On the basis of
data in Sorensen (1977, tables 1 and 2), possibly one-half of the
water withdrawn by communities where no surface disposal systems are
in use is returned by means of septic systems. Errors in estimates
of these return flows probably are not crit